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402
SIMULTANEQUSLY AND ASYNCHRONOUSLY
COMMUNICATE WITH A PLURALITY OF STAs
VIA A PLURALITY OF CHANNELS

RECEIVE DATA FROM AT LEAST ONE OF THE
STAs, WHEREIN THE DATA WAS TRANSMITTED VIA |
AT LEAST ONE OF THE CHANNELS

Vs 3024
A CIRCUIT FOR SIMULTANEOUSLY AND
| ASYNCHRONOUSLY COMMUNICATING WITHA |
| PLURALITY OF STAs VIA A PLURALITY OF CHANNELS |
~4044
A CIRCUIT FOR RECEIVING DATA FROM AT LEAST

| ONEOF THE STAs, WHEREIN THE DATA WAS
- TRANSMITTED VIA AT LEAST ONE OF THE CHANNELS |

FIG. 4A
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560

N

TRANSMIT DATA TO AN

N AP VIA AT LEAST ONF
CHANNEL OF A SET OF CHANNELS BEING
SUPPORTED BY THE AP FOR SIMULTANEOUS
COMMUNICATION WITH A PLURALITY OF STAs

fﬁim
RECEIVE DATA FROM THE AP VIA SAID AT
LEAST ONE CHANNEL, WHEREIN THE RECEPTION
DOES NOT OCCUR DURING THE TRANSMISSION

FIG. 5

SO0A

“

A CIRCUTT FOR TRANSMITTING DATA TO AN AP VIA
AT LEAST ONE CHANNEL OF A SET OF CHANNELS
BEING SUPPORTED BY THE AP FOR SIMULTANEOQUS
COMMUNICATION WITH A PLURALITY OF STAs

-~ SO2A

_______

A CIRCUIT FOR RECEIVING DATA FROM THE AP
VIA SAID AT LEAST ONE CHANNEL, WHEREIN THE
RECEPTION DOES NOT OCCUR DURING THE
TRANSMISSION
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600

602

COMMUNICATE WITH A PLURALITY OF
WIRELESS APPARATUSES CONCURRENTLY VIA A
PLURALITY OF FREQUENCY CHANNELS

: t}(}ﬂr

TRANSMIT A REQMEST EOR AT LEAST ONE OF
THE WIRELESS APPARATUSES TO SWITCH FROM
COMMUNICAT [NG VIA A rm s su OF THE

....

A SECOND SET Ur THE %Rhgm*«:m LHANNFL

HUOA _

-~ {}{?.?; Ag

"A CIRCUIT FOR COMMUNIC ATING WITH A
PLURALITY OF WIRELESS APPARATUSES
CONCURRENTLY VIA A PLURALITY OF FREQUENCY
CHANNELS

D4 A

A CIRCUIT FOR TR ,_NS%HTHNU A RE (,}UE,M FOR AT
LEAST ONE OF THE WIRELESS APPARATUSES TO
SWITCH FROM COMMUNICATING VIA A FIRST SET OF |
| THE FREQUENCY C Hm\i LS TO COMMUNICATING VIA |
| A SECOND SET OF THI }«RHQLE\T( Y CHANNELS :
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700,

702
COMMUNICATE WITH AN APPARATUS VIA A |
FIRST SET OF A PLURALITY OF FREQUENCY
CHANNELS

704

| RECEIVE A REQUEST, FROM THE APPARATUS, TO

COMMUNICATE WITH THE APPARATUS :

VIA THE SECOND SET OF FREQUENCY
CIIANNELS

TO0A

~T02A

A CIRCUH FOR COMMUNICATING WITH AN
APPARATUS VIA AFIRST SET OF A PLURALITY OF
FREQUENCY CHANNELS

A CIRCUIT FOR RECEIVING A REQUEST, FROM THE
APPARATUS, TO SWITCH FROM THE FIRST SET TO A
SECOND SET OF THE PLURALITY OF FREQUENCY
U UHANNELS

-TOBA

A CIRCUIT FOR COMMUNICATING WITH THE
APPARATUS VIA THE SECOND SET OF FREQUENCY
CHANNFLS
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Q00

APPAMTL SLE: c (;}__;:*??(,UREENTLY m_;a A FLL RAL& 1 _Y -
OF FREQUENCY CHANNELS |
04
- TRANSMIT, ON AT LEAST A MR%T SET OF THE
| FREQUENCY CHANNELS. A MESSAGE CONTAINING
- INFORMATION REGARDING TRAFFIC LOADING OF
~ ONE OR MORE OF THE FREQUENCY CHANNELS

REC EIVE. FROM A HRST ONE OR MORE OF
THE WIRELESS APPARATU SES, A REQUEST TO
SWITCH FROM THE FIRST SET OF FREQUENCY
CHANNELS TO A SECOND SET OF FREQUENCY
CHANNELS

{}{}3’

. RECEIVE DATA H{OM THE FIRQT WIRELESS
APPARATUS VIA THE SECOND SET OF FREQUENCY
CE JANNELS

FIG. 9
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QU0 A

' 0024

A CIRCUIT FOR COMMUNICATING WITHA
PLURALITY OF WIRELESS APPARATUSES
CONCURRENTLY VIA
APLURALITY OF FREQUENCY CHANNELS

9044

A CIRCUIT FOR TRANSMITTING, ON AT LEAST
A FIRST SET OF THE FREQUENCY CHANNELS, A
- MESSAGE CONTAINING INFORMATION
REGARDING TRAFFIC LOADING OF ONE OR.
MORE OF THE FREQUENCY CHANNELS

~B06A
A CIRCUIT FOR RECFIVING, FROM A FIRST ONE |
OR MORE OF THE WIRELESS APPARATUSES, A
REQUEST TO SWITCH FROM THE FIRST SET OF
FREQUENCY CHANNELS TO A SECOND SET OF
FREQUENCY CHANNELS

f»*i}{i'E%A

| A CIRCUIT FOR RECEIVING DATA FROM THE FIRST
. WIRELESS APPARATUS VIA THE SECOND SET OF

FREQUENCY CHANNELS

FIG. A
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1000

COMMUNICATE WITH AN APPARATUS VIA A FIRST |
SET OF ONE OR MORE FREQUENCY CHANNELS

~ 1004

| RECEIVE. FROM THE APPARATUS ON THE FIRST SET |

? OF FREQUENCY CHANNELS, A MESSAGE ﬁ

| CONTAINING INFORMATION REGARDING TRAFFIC

| LOADING OF ONE OR MORE OF THE FREQUENCY
CHANNELS

TRANSMIT, TO THE APPARATUS, A REQUEST TO
SWITCH FROM THE FIRST SET OF FREQUENCY
CHANNELS TO A SECOND OF ONE OR MORE

~1008

TRANSMIT DATA VIA THE SECOND SET OF

FREQUENCY CHANNELS

FLG. 10
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1000A

~ THUZA

A CIRCUITEOR C{i}mw;fz(‘ ATING WITH AN
APPARATUS VIA A FIRST SET OF ONE OR MORE
PREQI TENCY CHANNELS

i{}{M ’i.

A CIRC LII H)R RE CHVIN\‘J }ROM THT APPARATUS
ON THE FIRST SET OF FREQUENCY CHANNELS. *x

\f’fF%A( iE CONTAINING INFORMATION Rmfﬁamm

LO06A

APPMA 1 E a A REQUE&T TO SWITCH FROM THE
FIRST SET QF FREQUENCY CHANNELS TO A
SECOND SET OF ONE OR MORE FREQUENCY

CHANNELS

~ TOOBA

A CIRCUIT FOR TRANSMITTING DATA VIA THE
SECOND SET OF FREQUENCY CHANNELS

FIG. 10A
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MULTI-CHANNEL MANAGEMENT AND
LOAD BALANCING

CLAIM OF PRIORITY UNDER 35 U.S.C. §119

The present application for patent claims benefit of U.S.
Provisional Patent Application No. 61/162,958, entitled,
“MULTI-CHANNEL MANAGEMENT AND LOAD BAL-
ANCING,” filed Mar. 24, 2009 assigned to the assignee
hereof and hereby expressly incorporated by reference
herein.

TECHNICAL FIELD

The present disclosure generally relates to wireless com-
munications and, more specifically, to multi-channel wireless
communications.

BACKGROUND

In order to address the 1ssue of increasing bandwidth
requirements demanded for wireless communication sys-
tems, different schemes are being developed to allow multiple
user terminals to communicate with a single base station
utilizing the same shared single channel or multiple channels.

A multiple-input multiple-output (MIMO) wireless system
employs a number (N ) of transmit antennas and a number
(N,) of receive antennas for data transmission. A MIMO
channel formed by the N.- transmit and N, receive antennas
may be decomposed into N. spatial streams, where, for all
practical purposes, N.min {N_.N,}. The N spatial streams
may be used to transmit N. independent data streams to
achieve greater overall throughput.

In wireless networks with a single Access Point (AP) and
multiple stations (STAs), concurrent transmissions may
occur on multiple channels toward different stations, both 1n
the uplink and downlink direction. However, each STA may
be capable of transmitting or recerving 1n only one channel at
a time, while the AP 1s typically capable of transmitting or
receiving concurrently on multiple channels. One challenge
in such systems 1s to allocate STAs to operate (transmit and/or
receive) on different channels 1n a manner that achieves
acceptable performance, 1n terms of load balancing and/or
some other consideration, such as Quality of Service (QoS)
targets.

SUMMARY

Certain aspects provide a method of wireless communica-
tions. The method generally includes commumnicating with a
plurality of wireless apparatuses concurrently via a plurality
of frequency channels and transmitting a request for at least
one of the wireless apparatuses to switch from communicat-
ing via a first one of the frequency channels to communicating
via a second one of the frequency channels.

Certain aspects provide a method of wireless communica-
tions. The method generally includes communicating with an
access point via a first of a plurality of frequency channels,
receiving a request, from the access point, to switch from the
first to a second of the plurality of frequency channels, and
communicating with the access point via the second fre-
quency channel.

Certain aspects provide a method of wireless communica-
tions. The method generally includes commumnicating with a
plurality of wireless apparatuses concurrently via a plurality
of frequency channels, transmitting, on at least a first one of
the frequency channels, a message containing information
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2

regarding traffic loading of one or more of the frequency
channels, receiving, {from a first one or more of the stations, a
request to switch from the first frequency channel to a second
frequency channel, and receiving data from the first station
via the second frequency channel.

Certain aspects provide a method of wireless communica-
tions. The method generally includes communicating with an
apparatus via a first of a plurality of frequency channels,
receiving, from the apparatus on the first frequency channel,
a message containing information regarding tratfic loading of
one or more of the frequency channels, transmitting, to the
apparatus, a request to switch from the first frequency channel
to a second frequency channel, and transmitting data via the
second frequency channel.

Certain aspects provide an apparatus for wireless commu-
nications. The apparatus generally includes a device config-
ured to communicate with a plurality of wireless apparatuses
concurrently via a plurality of frequency channels, and a
transmitter configured to transmit a request for at least one of
the wireless apparatuses to switch from communicating via a
first one of the frequency channels to communicating via a
second one of the frequency channels.

Certain aspects provide an apparatus for wireless commu-
nications. The apparatus generally includes a device config-
ured to communicate with an apparatus via a first of a plural-
ity of frequency channels, a receiver configured to receive a
request, from the access point, to switch from the first to a
second of the plurality of frequency channels, and a device
configured to communicate with the access point via the
second frequency channel.

Certain aspects provide an apparatus for wireless commu-
nications. The apparatus generally includes a device config-
ured to communicate with a plurality of wireless apparatuses
concurrently via a plurality of frequency channels, a trans-
mitter configured to transmit, on at least a first one of the
frequency channels, a message contaiming information
regarding traific loading of one or more of the frequency
channels, a receiver configured to receive, from a first one or
more of the wireless apparatuses, a request to switch from the
first frequency channel to a second frequency channel, and a
receiver configured to receive data from the first wireless
apparatus via the second frequency channel.

Certain aspects provide an apparatus for wireless commu-
nications. The apparatus generally includes a device config-
ured to communicate with another apparatus via a first of a
plurality of frequency channels, a receiver configured to
receive, Irom the other apparatus on the first frequency chan-
nel, a message containing information regarding tratfic load-
ing of one or more of the frequency channels, a transmitter
configured to transmit, to the other apparatus, a request to
switch from the first frequency channel to a second frequency
channel, and a transmitter configured to transmit data via the
second frequency channel.

Certain aspects provide an apparatus for wireless commu-
nications. The apparatus generally includes means for com-
municating with a plurality of wireless apparatuses concur-
rently via a plurality of frequency channels and means for
transmitting a request for at least one of the wireless appara-
tuses to switch from communicating via a first one of the
frequency channels to communicating via a second one of the
frequency channels.

Certain aspects provide an apparatus for wireless commu-
nications. The apparatus generally includes means for com-
municating with another apparatus via a {irst of a plurality of
frequency channels, means for receiving a request, from the
other apparatus, to switch from the first to a second of the
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plurality of frequency channels, and means for communicat-
ing with the access point via the second frequency channel.

Certain aspects provide an apparatus for wireless commu-
nications. The apparatus generally includes means for com-
municating with a plurality of wireless apparatuses concur-
rently via a plurality of frequency channels, means for
transmitting, on at least a first one of the frequency channels,
a message containing information regarding tratfic loading of
one or more of the frequency channels, means for receiving,
from a first one or more of the stations, a request to switch
from the first frequency channel to a second frequency chan-
nel, and means for recerving data from the first station via the
second frequency channel.

Certain aspects provide an apparatus for wireless commu-
nications. The apparatus generally includes means for com-
municating with another apparatus via a first of a plurality of
frequency channels, means for receiving, from the other
apparatus on the first frequency channel, a message contain-
ing information regarding traific loading of one or more of the
frequency channels, means for transmitting, to the other
apparatus, arequest to switch from the first frequency channel
to a second frequency channel, and means for transmitting,
data via the second frequency channel.

Certain aspects provide a computer-program product for
wireless communications. The computer-program product
includes a computer-readable medium encoded with mstruc-
tions executable to communicate with a plurality of wireless
apparatuses concurrently via a plurality of frequency chan-
nels, and transmit a request for at least one of the wireless
apparatuses to switch from communicating via a first one of
the frequency channels to communicating via a second one of
the frequency channels.

Certain aspects provide a computer-program product for
wireless communications. The computer-program product
includes a computer-readable medium encoded with mstruc-
tions executable to communicate with an apparatus via a first
of a plurality of frequency channels, receive a request, from
the apparatus, to switch from the first to a second of the
plurality of frequency channels, and communicate with the
apparatus via the second frequency channel.

Certain aspects provide a computer-program product for
wireless communications. The computer-program product
includes a computer-readable medium encoded with instruc-
tions executable to communicate with a plurality of wireless
apparatuses concurrently via a plurality of frequency chan-
nels, transmit, on at least a first one of the frequency channels,
a message containing information regarding tratfic loading of
one or more of the frequency channels, receive, from a {first
one or more of the wireless apparatuses, a request to switch
from the first frequency channel to a second frequency chan-
nel, and receive data from the first wireless apparatus via the
second frequency channel.

Certain aspects provide a computer-program product for
wireless communications. The computer-program product
includes a computer-readable medium encoded with mstruc-
tions executable to communicate with an apparatus via a first
of a plurality of frequency channels, receive, from the appa-
ratus on the first frequency channel, a message containing
information regarding traific loading of one or more of the
frequency channels, transmit, to the apparatus, a request to
switch from the first frequency channel to a second frequency
channel, and transmait data via the second frequency channel.

Certain aspects provide a wireless node. The wireless node
generally includes at least one antenna, a device configured to
communicate, via the at least one antenna, with a plurality of
wireless apparatuses concurrently via a plurality of frequency
channels, and a transmitter configured to transmit via the at
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least one antenna a request for at least one of the wireless
apparatuses to switch from communicating via a first one of

the frequency channels to communicating via a second one of
the frequency channels.

Certain aspects provide a wireless node. The wireless node
generally includes at least one antenna, a device configured to
communicate with an apparatus via a first of a plurality of
frequency channels, a receiver configured to recerve via the at
least one antenna a request, from the apparatus, to switch
from the first to a second of the plurality of frequency chan-
nels, and a device configured to communicate with the access
point via the second frequency channel.

Certain aspects provide a wireless node. The wireless node
generally includes at least one antenna, a device configured to
communicate with a plurality of wireless apparatuses concur-
rently via a plurality of frequency channels, a transmitter
configured to transmit via the at least one antenna, on at least
a first one of the frequency channels, a message containing
information regarding traific loading of one or more of the
frequency channels, a recerver configured to recerve via the at
least one antenna, from a first one or more of the wireless
apparatuses, a request to switch from the first frequency chan-
nel to a second frequency channel, and a receiver configured
to receive data from the first wireless apparatus via the second
frequency channel.

Certain aspects provide a wireless node. The wireless node
generally includes at least one antenna, a device configured to
communicate with an apparatus via a first of a plurality of
frequency channels, a recerver configured to recerve via the at
least one antenna, from the wireless node on the first fre-
quency channel, a message containing information regarding
traffic loading of one or more of the frequency channels, a
transmitter configured to transmit via the at least one antenna,
to the wireless node, a request to switch from the first fre-
quency channel to a second frequency channel, and a trans-
mitter configured to transmit data via the second frequency
channel.

BRIEF DESCRIPTION OF THE DRAWINGS

So that the manner 1n which the above-recited features of
the present disclosure can be understood 1n detail, a more
particular description, briefly summarized above, may be had
by reference to aspects, some of which are illustrated in the
appended drawings. It 1s to be noted, however, that the
appended drawings 1llustrate only certain typical aspects of
this disclosure and are therefore not to be considered limiting,
of 1ts scope, for the description may admit to other equally
elfective aspects.

FIG. 1 illustrates a spatial division multiple access MIMO
wireless system in accordance with certain aspects of the
present disclosure.

FIG. 2 illustrates a block diagram of an access point and
two user terminals 1n accordance with certain aspects of the
present disclosure.

FIG. 3 illustrates example components of a wireless device
in accordance with certain aspects of the present disclosure.

FIG. 4 1llustrates example operations, 1n accordance with
certain aspects of the present disclosure.

FIG. 4A illustrates example components capable of per-
forming the operations shown in FIG. 4.

FIG. 5 1llustrates example operations, 1n accordance with
certain aspects of the present disclosure.

FIG. 5A illustrates example components capable of per-
forming the operations shown in FIG. 3.

FIG. 6 1llustrates example operations, 1n accordance with
certain aspects of the present disclosure.
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FIG. 6A 1illustrates example components capable of per-
forming the operations shown in FIG. 6.

FI1G. 7 illustrates example operations, in accordance with
certain aspects of the present disclosure.

FIG. 7A 1llustrates example components capable of per-
forming the operations shown in FIG. 7.

FIG. 8 1llustrates example transmissions between an access
point and multiple stations, in accordance with certain aspects
of the present disclosure.

FIG. 9 1llustrates example operations, 1n accordance with
certain aspects of the present disclosure.

FIG. 9A 1llustrates example components capable of per-
forming the operations shown in FIG. 9.

FI1G. 10 1llustrates example operations, 1n accordance with
certain aspects of the present disclosure.

FIG. 10A illustrates example components capable of per-
forming the operations shown in FIG. 10.

FIG. 11 illustrates example transmissions between an
access point and multiple stations, 1n accordance with certain
aspects of the present disclosure.

FIGS. 12A and 12B illustrate example state diagrams, in
accordance with certain aspects of the present disclosure.

FIGS. 13A and 13B illustrate example performance
results, 1n accordance with certain aspects of the present
disclosure.

FIGS. 14A and 14B illustrate example performance
results, 1n accordance with certain aspects of the present
disclosure.

FIGS. 15A and 15B illustrate example performance

results, 1n accordance with certain aspects of the present
disclosure.

DETAILED DESCRIPTION

Various aspects of certain aspects of the present disclosure
are described below. It should be apparent that the teachings
herein may be embodied in a wide variety of forms and that
any specific structure, function, or both being disclosed
herein 1s merely representative. Based on the teachings herein
one skilled 1n the art should appreciate that an aspect dis-
closed herein may be implemented independently of any
other aspects and that two or more of these aspects may be
combined 1n various ways. For example, an apparatus may be
implemented or a method may be practiced using any number
of the aspects set forth herein. In addition, such an apparatus
may be implemented or such amethod may be practiced using
other structure, functionality, or structure and functionality 1n
addition to or other than one or more of the aspects set forth
herein. Furthermore, an aspect may comprise at least one
clement of a claim.

The word “exemplary” 1s used herein to mean “serving as
an example, mstance, or illustration.” Any aspect described
herein as “exemplary” 1s not necessarily to be construed as
preferred or advantageous over other aspects. Also as used
herein, the term “legacy stations” generally refers to wireless
network nodes that support 802.11n or earlier versions of the
IEEE 802.11 standard.

The multi-antenna transmission techniques described
herein may be used in combination with various wireless
technologies such as Code Division Multiple Access
(CDMA), Orthogonal Frequency Division Multiplexing
(OFDM), Time Division Multiple Access (TDMA), Spatial
Division Multiple Access (SDMA), and so on. Multiple user
terminals can concurrently transmit/recerve data via different
(1) orthogonal code channels for CDMA, (2) time slots for
TDMA, or (3) sub-bands for OFDM. A CDMA system may
implement I1S5-2000, IS5-95, 1S-856, Wideband-CDMA
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(W-CDMA), or some other standards. An OFDM system may
implement IEEE 802.11 or some other standards. A TDMA

system may implement GSM or some other standards. These
various standards are known 1n the art.

AN EXAMPLE MIMO SYSTEM

FIG. 11illustrates a multiple-access MIMO system 100 with
access points and user terminals. For simplicity, only one
access point 110 1s shown 1n FIG. 1. An access point (AP) 1s
generally a fixed station that communicates with the user
terminals and may also be referred to as a base station or some
other terminology. A user terminal may be fixed or mobile and
may also be referred to as a mobile station, a station (STA), a
client, a wireless device or some other terminology. A user
terminal may be a wireless device, such as a cellular phone, a
personal digital assistant (PDA), a handheld device, a wire-
less modem, a laptop computer, a personal computer, etc.

Access point 110 may communicate with one or more user
terminals 120 at any given moment on the downlink and
uplink. The downlink (1.e., forward link) 1s the communica-
tion link from the access point to the user terminals, and the
uplink (1.e., reverse link) 1s the communication link from the
user terminals to the access point. A user terminal may also
communicate peer-to-peer with another user terminal. A sys-
tem controller 130 couples to and provides coordination and
control for the access points.

As used herein, the term wireless node may generally refer
to an access point, user terminal, or any type of wireless
device capable of performing operations described herein.

System 100 employs multiple transmit and multiple
receive antennas for data transmission on the downlink and
uplink. Access point 110 1s equipped with a number N, of
antennas and represents the multiple-input (MI) for downlink
transmissions and the multiple-output (MO) for uplink trans-
missions. A set N of selected user terminals 120 collectively
represents the multiple-output for downlink transmissions
and the multiple-input for uplink transmissions. In certain
cases, 1t may be desirable to have N_ =N z1 if the data
symbol streams for the N user terminals are not multiplexed
in code, frequency or time by some means. N may be greater
than N, 1t the data symbol streams can be multiplexed using
different code channels with CDMA, disjoint sets of sub-
bands with OFDM, and so on. Each selected user terminal
transmits user-specific data to and/or receives user-specific
data from the access point. In general, each selected user
terminal may be equipped with one or multiple antennas (1.¢.,

N_=1). The N _ selected user terminals can have the same or
different number of antennas.

MIMO system 100 may be a time division duplex (TDD)
system or a frequency division duplex (FDD) system. For a
TDD system, the downlink and uplink share the same fre-
quency band. For an FDD system, the downlink and uplink
use different frequency bands. MIMO system 100 may also
utilize a single carrier or multiple carriers for transmaission.
Each user terminal may be equipped with a single antenna
(e.g., 1n order to keep costs down) or multiple antennas (e.g.,
where the additional cost can be supported).

FIG. 2 shows a block diagram of access point 110 and two
user terminals 120m and 120x in MIMO system 100. Access
point 110 1s equipped with N, antennas 224a through 224ap.
User terminal 120 1s equipped with N, ,, antennas 232ma
through 252mu, and user terminal 120x 1s equipped with N, ,
antennas 2352xa through 252xu. Access point 110 1s a trans-
mitting entity for the downlink and a receiving entity for the
uplink. Each user terminal 120 1s a transmitting entity for the
uplink and a recerving entity for the downlink. As used herein,
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a “transmitting entity” 1s an independently operated appara-
tus or device capable of transmitting data via a frequency
channel, and a “recerving entity” 1s an independently oper-
ated apparatus or device capable of recerving data via a fre-
quency channel. In the following description, the subscript
“dn” denotes the downlink, the subscript “up” denotes the
uplink, N, user terminals are selected for simultaneous
transmission on the uplink, N , user terminals are selected for
simultaneous transmission on the downlink, N, may or may
not be equal to N, and N, , and N, may be static values or
can change for each scheduling interval. The beam-steering
or some other spatial processing technique may be used at the
access point and user terminal.

On the uplink, at each user terminal 120 selected for uplink
transmission, a TX data processor 288 receives traffic data
from a data source 286 and control data {from a controller 280.
TX data processor 288 processes (€.g., encodes, interleaves,
and modulates) the traffic data {d,,, .} for the user terminal
based on the coding and modulation schemes associated with
the rate selected for the user terminal and provides a data
symbol stream 1s,,, .. A TX spatial processor 290 performs
spatial processing on the data symbol stream s, ,,} and
provides N, , = transmit symbol streams for the N, , = anten-
nas. Each transmitter unit (TMTR) 254 receives and pro-
cesses (e.g., converts to analog, amplifies, filters, and fre-
quency upconverts) a respective transmit symbol stream to
generate an uplink signal. N, , . transmitter units 254 provide
N,.. . uplink signals for transmission from N, . antennas 252
to the access point 110.

A number N, of user terminals may be scheduled for
simultaneous transmission on the uplink. Fach of these user
terminals performs spatial processing on its data symbol
stream and transmuits 1ts set of transmit symbol streams on the
uplink to the access point.

At access point 110, N antennas 224a through 224ap
receive the uplink signals trom all N, user terminals trans-
mitting on the uplink. Each antenna 224 provides a received
signal to a respective recerver unit (RCVR) 222. Each
receiver unit 222 performs processing complementary to that
performed by transmitter unit 254 and provides a received
symbol stream. An RX spatial processor 240 performs
receiver spatial processing on the N_, received symbol
streams from N, recetver units 222 and provides N, , recov-
ered uplink data symbol streams. The receiver spatial pro-
cessing 1s performed in accordance with the channel correla-
tion matrix mversion (CCMI), minimum mean square error
(MMSE), successive interference cancellation (SIC) or some
other technique. Each recovered uplink data symbol stream
{S.p.m) 18 an estimate of a data symbol stream {s,,, . | trans-
mitted by a respective user terminal. An RX data processor
242 vprocesses (e.g., demodulates, deinterleaves, and
decodes) each recovered uplink data symbol stream {s,,, ,,, } in
accordance with the rate used for that stream to obtain
decoded data. The decoded data for each user terminal may be
provided to a data sink 244 for storage and/or a controller 230
for further processing.

On the downlink, at access point 110, a TX data processor
210 receives tratfic data from a data source 208 for N ., user
terminals scheduled for downlink transmission, control data
from a controller 230 and possibly other data from a scheduler
234. The various types of data may be sent on different
transport channels. TX data processor 210 processes (e.g.,
encodes, mterleaves, and modulates) the traffic data for each
user terminal based on the rate selected for that user terminal.
TX data processor 210 provides N . downlink data symbol
streams forthe N . user terminals. A TX spatial processor 220

performs spatial processing onthe N, downlink data symbol
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streams, and provides N, transmit symbol streams for the
N, antennas. Each transmitter unit (IM'1R) 222 receives and
processes a respective transmit symbol stream to generate a
downlink signal. N, transmitter units 222 provide N, , down-
link signals for transmission from N, antennas 224 to the
user terminals.

At each user terminal 120, N, antennas 232 receive the
N,, downlink signals from access point 110. Each receiver
unit (RCVR) 254 processes a received signal from an asso-
ciated antenna 252 and provides a recerved symbol stream.
An RX spatial processor 260 performs receiver spatial pro-
cessingon N, , . recerved symbol streams from N,,, , receiver
units 254 and provides a recovered downlink data symbol
stream {S, ,,; for the user terminal. The receiver spatial
processing 1s performed in accordance with the CCMI,
MMSE or some other technique. An RX data processor 270
processes (e.g., demodulates, deinterleaves and decodes) the
recovered downlink data symbol stream to obtain decoded
data for the user terminal.

At each user terminal 120, N, ,, antennas 252 receive the
N,, downlink signals from access point 110. Each recerver
unit (RCVR) 254 processes a received signal from an asso-
ciated antenna 252 and provides a recerved symbol stream.
An RX spatial processor 260 performs receiver spatial pro-
cessingon N, , . recerved symbol streams from N,,, , receiver
units 254 and provides a recovered downlink data symbol
stream {S, ,,; for the user terminal. The receiver spatial
processing 1s performed in accordance with the CCMI,
MMSE or some other technique. An RX data processor 270
processes (e.g., demodulates, deinterleaves, and decodes) the
recovered downlink data symbol stream to obtain decoded
data for the user terminal.

FIG. 3 illustrates various components that may be utilized
in a wireless device 302 that may be employed within the
system 100. The wireless device 302 1s an example of adevice
that may be configured to implement the various methods
described herein. The wireless device 302 may be an access
point 110 or a user terminal 120.

The wireless device 302 may include a processor 304
which controls operation of the wireless device 302. The
processor 304 may also be referred to as a central processing,
umt (CPU). Memory 306, which may include both read-only
memory (ROM) and random access memory (RAM), pro-
vides instructions and data to the processor 304. A portion of
the memory 306 may also include non-volatile random access
memory (NVRAM). The processor 304 typically performs
logical and arithmetic operations based on program instruc-
tions stored within the memory 306. The instructions in the
memory 306 may be executable to implement the methods
described herein.

The wireless device 302 may also include a housing 308
that may include a transmitter 310 and a receiver 312 to allow
transmission and reception ol data between the wireless
device 302 and a remote location. The transmitter 310 and
receiver 312 may be combined into a transceiver 314. A
plurality of transmit antennas 316 may be attached to the
housing 308 and electrically coupled to the transceiver 314.
The wireless device 302 may also include (not shown) mul-
tiple transmitters, multiple recervers, and multiple transce1v-
ers.

The wireless device 302 may also include a signal detector
318 that may be used 1n an effort to detect and quantify the
level of signals recerved by the transcerver 314. The signal
detector 318 may detect such signals as total energy, energy
per subcarrier per symbol, power spectral density and other
signals. The wireless device 302 may also include a digital
signal processor (DSP) 320 for use in processing signals.
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The various components of the wireless device 302 may be
coupled together by a bus system 322, which may include a

power bus, a control signal bus, and a status signal bus in
addition to a data bus.

Those skilled 1 the art will recognize the techniques
described herein may be generally applied 1n systems utiliz-
ing any type of multiple access schemes, such as SDMA,

OFDMA, CDMA, SDMA and combinations thereof.

MULTI-CHANNEL MANAGEMENT AND LOAD
BALANCING

According to certain aspects, 1n a system utilizing multiple
wireless communications channels for exchanging data
between an access point (AP) and multiple stations (STAs),
techniques are provided for allocating stations to transmit on
different channels. The techniques presented herein include,
for example, an “AP managed” scheme, in which the AP can
decide where (on what channels) to allocate the STAs for
downlink transmissions. The techniques presented herein
also include, for example, a “STA managed” switching
scheme, in which STAs can autonomously switch across dif-
ferent channels to send uplink data to an AP. Various algo-
rithms are provided that may be applied to the case of “STA
managed” techniques. Such algorithms allow for load balanc-
ing across channels

As used herein, the phrase “simultaneous and asynchro-
nous communication capability” generally refers to the capa-
bility of the AP to transmit data on one or more channels,
while also asynchronously receiving data on a disjoint set of
channels. Access terminals (Al's) or stations (STAs), on the
other hand, may be restricted, such that they are not capable of
simultaneously receiving data on any channel while transmit-
ting data on one or more channels.

FI1G. 4 illustrates example operations 400, in accordance
with certain aspects of the present disclosure. The operations
400 may be performed, for example, by an AP capable of
simultaneous and asynchronous communication in a multi-
channel wireless communications system.

The operations begin, at 402, by simultaneously and asyn-
chronously communicating with a plurality of STAs via a
plurality of channels and, at 404, recerving data from at least
one of the STAs, wherein the data was transmaitted via at least
one of the channels.

FIG. 5 illustrates example operations, in accordance with
certain aspects of the present disclosure. The operations 500
may be performed, for example, by a STA 1n a multi-channel
wireless communications system, communicating with an AP
performing the operations 400 shown 1n FIG. 4.

The operations 500 begin, at 502, by transmitting data to an
AP wvia at least one channel of a set of channels being sup-
ported by the AP for simultaneous communication via a plu-
rality of STAs. At 504, the STA receives data from the AP via
said at least one channel, wherein the reception does not occur
during the transmission.

FIG. 6 illustrates example operations 600, 1n accordance
with certain aspects of the present disclosure. The operations
600 may be performed, for example, by an AP 1n an “AP
managed’ allocation scheme 1n an effort to balance the trans-
mission load between the AP and a set of STAs on a plurality
of channels.

The operations begin, at 602, by communicating with a
plurality of stations via a plurality of frequency channels. At
604, the AP transmits a request for at least one of the stations
to switch from communicating via a first one of the frequency
channels to communicating via a second one of the frequency
channels. The AP may decide which stations to request to
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switch and to which channels based on a number of factors,
such as class (switching speed), traffic for a given station,
and/or load on the channels. The AP may maintain such
statistics to assist 1n switching decisions.

FIG. 7 1llustrates example operations 700, 1n accordance
with certain aspects of the present disclosure. The operations
700 may be performed, for example, by a STA 1n a multi-
channel wireless communications system, communicating
with an AP performing the operations 600 shown 1n FIG. 6.

The operations 700 begin, at 702, by communicating with
an AP via a first of a plurality of frequency channels. At 704,
the STA recerves a request from the AP to switch from the first
frequency channel to a second frequency channel of the plu-
rality of frequency channels. At 706, the STA communicates
with the AP via the second frequency channel.

FIG. 8 illustrates example transmissions between an access
poimnt and multiple stations 1 an AP managed allocation
scheme, 1n accordance with certain aspects of the present
disclosure. The 1llustrated example assumes a first station
(STA1) 1s communicating with the AP mitially using a first
frequency channel (virtual channel VC1). The AP sends a
channel switch request message (CSRM) 802 requesting
STA1 switch to a second frequency channel VC2. According
to certain aspects, the AP may also transmit a clear-to-send to
Self (CTS-to self) message 804 on VC2, 1n order to reserve
V(2 and help facilitate the channel switch. This 1s possible,
since the AP may know the appropriate Network Allocation
Vector (NAV) setting, while the STA may not. If VC2 1s
reserved, then the AP may directly access the medium, oth-
erwise, the AP may have to perform an EDCA access.

According the certain aspects, the CSRM 802 may be a
broadcast message, identifying multiple stations and to which
channels they should switch, thus allowing multiple STAs to
be switched at the same time. Each of the STAs (e.g., station
STA1) receiving the CSRM may acknowledge the CSRM
with corresponding request to send multiple access (RTS-
MA) messages 808 during an ACK 1nterval 806.

Once on the new channel, the stations may wait for a
transmission from the AP, such as an RTS 812. STA1 may
respond with a CTS 814, after which the AP may send a data
transmission 816 to STA1. STA1 may acknowledge receipt of
the data transmission 816 with an ACK 818.

FIG. 9 1llustrates example operations 900, 1n accordance
with certain aspects of the present disclosure. The operations
900 may be performed, for example, by an AP in a “STA
managed’ switching scheme 1n an effort to balance the trans-
mission load between the AP and a set of STAs on a plurality
of channels.

The operations 900 begin, at 902, by communicating with
a plurality of stations via a plurality of frequency channels. At
904, the AP transmits, on at least one of the frequency chan-
nels, amessage containing information regarding tratfic load-
ing of one or more of the frequency channels. At 906, the AP
receives, from a first one or more of the stations, a request to
switch from the first frequency channel to a second frequency
channel. At 908, the AP receives data from the first station via
the second frequency channel.

FIG. 10 1llustrates example operations 1000, 1n accordance
with certain aspects of the present disclosure. The operations
1000 may be performed, for example, by a STA 1n a multi-
channel wireless communications system, communicating
with an AP performing the operations 900 shown 1n FIG. 9.

The operations 1000 begin, at 1002, by communicating,
with an AP via a first of a plurality of frequency channels. At
1004, the STA recerves, from the AP on the first frequency
channel, a message containing information regarding tratfic
loading of one or more of the frequency channels. At 1006,




US 8,977,282 B2

11

the STA may transmit, to the AP, a request to switch from the
first frequency channel to a second frequency channel. At
1008, the STA transmits data to the AP via the second fre-
quency channel.

The message contamning information regarding traffic
loading of one or more of the frequency channels may be any
suitable message format and may contain various information
regarding traific loading, such as a loading parameter, avail-
able bandwidth, number of stations on a particular channel,
and the like. An STA receiving this information may, thus,
make an intelligent decision regarding which channel to
switch to based on this information. For example, a STA may
examine the mformation and learn that 1t 1s currently com-
municating on a frequency channel that 1s much more heavily
loaded than one or more other frequency channels. Thus, the
STA may send a request to switch to one of the less loaded
other frequency channels.

FIG. 11 illustrates example transmissions between an
access point and multiple stations in a STA managed switch-
ing scheme, 1 accordance with certain aspects of the present
disclosure. Again, the 1llustrated example assumes STA1 1s
communicating with the AP mitially using a first frequency

channel (virtual channel) VCI1.

In this example, the AP sends an M-NAV message 1102,
which may contain information about other channels, such as
the current loading or traffic conditions. The STA may decide,
based on the information about the other channels, that 1t
would be beneficial to switch to VC2. As will be described in
greater detail below, different criteria may be considered and
different algorithms may be designed to decide to which
channel to switch.

The AP may apply some type of algorithm to determine
when and/or where (on what channels) to transmit the
M-NAYV, and may consider parameters, such as class (switch-
ing speed), traific and/or load. According to certain aspects,
the AP may send the M-NAV periodically and/or may send
the M-NAV on multiple channels.

In order to switch to VC2, the STA may send a request
message to the AP, for example, 1n the form of an RTS 1106
sent on VC2. The AP may respond with a CTS 1108, after
which the STA may send an uplink data transmission 1110 to
the AP. The AP may acknowledge receipt of the data trans-
mission 1110 with an ACK 1112.

According to certain aspects, if STA1 does not recerve the
CTS 1108 and/or does not recerve the ACK 1112 from the AP,
STA1 may switch back to VC1 or to another channel. Thus,
the STA managed scheme may help avoid channel ambigu-
ities between the AP and STA.

FIGS. 12 A and 12B 1illustrate example state diagrams from

the AP perspective and, the STA’s guess on the AP perspec-
tive. The states represent the STA1 channel location kept at

the AP.

As 1llustrated 1n the state diagram 1200A of FIG. 12A,
from the AP perspective, after the STA sends the RTS on V2,
there may be some ambiguity as to whether the STA has
successiully switched to VC2. If the STA sends data and the
AP sends an ACK, the AP may update the STA1 channel
location to VC2. However, 1f no data 1s received after the CTS
NAYV expires, the AP may consider the STA1 channel location
to be VCI1.

As illustrated in the state diagram 12008 of FI1G. 12B, from
the STA perspective, after the STA recerves the CTS on VC2,
there may be some ambiguity as to whether the STA has
successiully switched to VC2. It the AP acknowledges data
sent to the AP on VC2, the STA may assume the AP has
updated its STA1 channel location to VC2. However, 11 no
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ACK 1s received and the NAV on VC1 has expired, the STA
may assume the AP has returned/maintained the STA1 chan-
nel location to be V(1.

In the STA managed scheme, various algorithms may be
used to decide whether to switch and, possibly, to which
channel to switch. One such algorithm, 1s generally referred
to herein as a “NAV aware” algorithm considers NAV expi-
ration timer versus medium access time. Generally, the algo-
rithm may decide there 1s no need to switch 1f the estimated
medium access time mvolved 1n switching to another channel
1s greater than the NAV expiration time for the current chan-
nel. The algorithm may be described logically as follows:

(now + switching time + backofflimerremaining> primary.NAV)

THEN

Do not switch;

ELSE
Switch to the channel with the shortest NAV;

END

This algorithm basically assumes that no other nodes will
access the medium while the backoll timer 1s counting down.
In other words, load on the other channels may not be
accounted for. This assumption may prove too optimistic 1n
certain cases, as access delay depends on channel load, as will
be shown below, and this metric 1s strictly dependent on the
statistic of the packet length.
Another switching algorithm 1s generally referred to herein
a “LOAD aware” switching algorithm. As the name
implies, this algorithm considers the loading of other chan-

nels when deciding whether to switch and to what channel to
switch. This algorithm may be described logically as follows:

FOR EACH CHANNEL.

[F

channel == current channel

THEN

ET = MAX(channelNAV, now) + access_delay
ELSE
ET =
MAX(channelNAV, now + switching time= (J) + access_delay
END

END

where E'T 1s the estimated time of medium access for a given
channel. This algorithm basically attempts to choose a chan-
nel with smaller ET. Q generally refers to a weighting factor
for the switching delay. D generally refers to the time elapsed
from the last switching, and (Q may be defined as a decreasing
function of D; Q 1n [0,1], for example, exp(-D/arrival_time).
Thus, these factors may have the effect that 11 switching 1s not
frequent, switching delay 1s not taken into consideration. If
switching 1s frequent, switching delay 1s taken into consider-
ation, such that frequent switching 1s discouraged.
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The term access_delay in the logical expression above may
be defined as backofiTimer.remaining™avg_busy_time™Ptx,
where Ptx represents the probability that a packet transmis-
s10n starts 1n a given time slot and may be estimated based on
measurements kept at the AP. For example, the average arrival
rate per STA may be computed, counting the number of
packets sent by each station, and the channel location of each
STA 1s known by the AP. By estimating the medium access
delay on a channel, this algorithm may allow for load and may
be relatively independence of packet length statistics. Fur-
ther, with the Q and D factors, this algorithm may amortize
switching time.

FIGS. 13A-B, 14A-B, and 15A-B 1llustrate and compare
example performance results, in accordance with certain
aspects of the present disclosure. Simulations results for an
example configuration of 2 channels and 3 stations, with fixed
packet length, increasing arrival intensity.

FIGS. 13A and 13B illustrate a static allocation, meaning,
no dynamic switching of a station between channels. The
example assumes a static allocation with STA1 and STA3 on
VC1 and STA2 on VC2. As illustrated in FIG. 13A, since the
load 1s not balanced, as the per-Station load increases, the
achievable throughput for STA1 and STA3 levels off. A
illustrated in FI1G. 13B, as the per-Station load increases, the
average delay for STA1 and STA3 increases rapidly, while the
average delay for STA2 on VC2 increases only gradually.

FIGS. 14A and 14B 1llustrate the “NAV aware” switching,
algorithm. As illustrated, assuming a switching time of 100 us
and a maximum packet duration of 1000 us, this algorithm 1s
able to achieve relatively efficient load balancing. As 1llus-
trated, the throughput attainable on STA1 and STA3 1s
increased at higher per-STA load, relative to the static switch-
ing illustrated 1n FIGS. 13 A and 13B, while the average delay
does not increase signmificantly until much higher per-STA
loads. As switching time 1s increased relative to maximum
packet duration, the NAV aware switching will approach the
static case.

FIGS. 15A and 15B compare performance results of the
NAV aware switching algorithm to the Load aware switching,
algorithm. As illustrated, assuming a switching time of 1000
us and a maximum packet duration of 500 us, the NAV aware
algorithm sutfers, while the Load aware algorithm achieves
lower average delays and fewer collisions. This result may be
because the Load aware algorithm allows for load balancing
independently of the packet length statistic, which may help
by effectively amortizing switching overhead.

The various operations of methods described above may be
performed by any suitable means capable of performing the
corresponding functions. The means may include various
hardware and/or software component(s) and/or module(s),
including, but not limited to a circuit, an application specific
integrate circuit (ASIC), or processor. Generally, where there
are operations 1illustrated in Figures, those operations may
have corresponding counterpart means-plus-function compo-
nents with similar numbering. For example, example opera-
tions 400, 500, 600, 700, 900 and 1000 1llustrated 1n FIGS. 4,
5, 6, 7,9 and 10, respectively, correspond to circuit blocks
400A, 500A, 600A, 700A, 900A and 1000A 1llustrated 1n
FIGS. 4A, 5A, 6A, 7TA, 9A and 10A, respectively.

As used herein, the term “determining” encompasses a
wide variety of actions. For example, “determining” may
include calculating, computing, processing, deriving, inves-
tigating, looking up (e.g., looking up 1n a table, a database or
another data structure), ascertaining and the like. Also,
“determining” may include recerving (e.g., receiving infor-
mation), accessing (e.g., accessing data in a memory) and the
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like. Also, “determining” may include resolving, selecting,
choosing, establishing and the like.

As used herein, the term device may refer to hardware,
soltware, firmware or combination thereof. According to cer-
tain aspects, a device may be implemented as a transmitter,
receiver, logic to control a transmitter and/or receiver, or a
combination thereof.

As used herein, a phrase referring to “at least one of” a list
of 1tems refers to any combination of those 1tems, including
single members. As an example, “at least one of: a, b, and ¢”
1s intended to cover: a, b, ¢, a-b, a-c, b-c, and a-b-c.

The various operations of methods described above may be
performed by any suitable means capable of performing the
operations, such as various hardware and/or software com-
ponent(s), circuits, and/or module(s). Generally, any opera-
tions 1llustrated 1n the Figures may be performed by corre-
sponding functional means capable of performing the
operations.

The various illustrative logical blocks, modules and cir-
cuits described in connection with the present disclosure may
be implemented or performed with a general purpose proces-
sor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array
signal (FPGA) or other programmable logic device (PLD),
discrete gate or transistor logic, discrete hardware compo-
nents or any combination thereof designed to perform the
functions described herein. A general purpose processor may
be a microprocessor, but 1n the alternative, the processor may
be any commercially available processor, controller, micro-
controller or state machine. A processor may also be 1mple-
mented as a combination of computing devices, €.g., a com-
bination of a DSP and a microprocessor, a plurality of
MICroprocessors, One or more miCroprocessors in conjunc-
tion with a DSP core, or any other such configuration.

The steps of amethod or algorithm described 1n connection
with the present disclosure may be embodied directly 1n hard-
ware, 1n a software module executed by a processor, or in a
combination of the two. A software module may reside 1n any
form of storage medium that 1s known 1n the art. Some
examples of storage media that may be used include random
access memory (RAM), read only memory (ROM), flash
memory, EPROM memory, EEPROM memory, registers, a
hard disk, a removable disk, a CD-ROM and so forth. A
soltware module may comprise a single instruction, or many
instructions, and may be distributed over several different
code segments, among different programs and across mul-
tiple storage media. A storage medium may be coupled to a
processor such that the processor can read information from,
and write information to, the storage medium. In the alterna-
tive, the storage medium may be 1ntegral to the processor.

The methods disclosed herein comprise one or more steps
or actions for achieving the described method. The method
steps and/or actions may be interchanged with one another
without departing from the scope of the claims. In other
words, unless a specific order of steps or actions 1s specified,
the order and/or use of specific steps and/or actions may be
modified without departing from the scope of the claims.

The tunctions described may be implemented in hardware,
soltware, firmware or any combination thereof. I imple-
mented 1n software, the functions may be stored as one or
more mstructions on a computer-readable medium. A storage
media may be any available media that can be accessed by a
computer. By way of example, and not limitation, such com-
puter-readable media can comprise RAM, ROM, EEPROM,
CD-ROM or other optical disk storage, magnetic disk storage
or other magnetic storage devices, or any other medium that
can be used to carry or store desired program code 1n the form
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ol instructions or data structures and that can be accessed by
a computer. Disk and disc, as used herein, include compact
disc (CD), laser disc, optical disc, digital versatile disc
(DVD), floppy disk and Blu-ray® disc where disks usually
reproduce data magnetically, while discs reproduce data opti-
cally with lasers.
Thus, certain aspects may comprise a computer program
product for performing the operations presented herein. For
example, such a computer program product may comprise a
computer readable medium having instructions stored (and/
or encoded) thereon, the instructions being executable by one
or more processors to perform the operations described
herein. For certain aspects, the computer program product
may include packaging material.
Software or instructions may also be transmitted over a
transmission medium. For example, if the software 1s trans-
mitted from a website, server, or other remote source using a
coaxial cable, fiber optic cable, twisted pair, digital subscriber
line (DSL), or wireless technologies such as infrared, radio,
and microwave, then the coaxial cable, fiber optic cable,
twisted pair, DSL, or wireless technologies such as inirared,
radio and microwave are included 1n the definition of trans-
mission medium.
Further, 1t should be appreciated that modules and/or other
appropriate means for performing the methods and tech-
niques described herein can be downloaded and/or otherwise
obtained by a user terminal and/or base station as applicable.
For example, such a device can be coupled to a server to
facilitate the transfer of means for performing the methods
described herein. Alternatively, various methods described
herein can be provided via storage means (e.g., RAM, ROM,
a physical storage medium such as a compact disc (CD) or
floppy disk, etc.), such that a user terminal and/or base station
can obtain the various methods upon coupling or providing
the storage means to the device. Moreover, any other suitable
technique for providing the methods and techniques
described herein to a device can be utilized.
It 1s to be understood that the claims are not limited to the
precise configuration and components illustrated above. Vari-
ous modifications, changes and variations may be made in the
arrangement, operation and details of the methods and appa-
ratus described above without departing from the scope of the
claims.
The techniques provided herein may be utilized 1n a variety
of applications. For certain aspects, the techniques presented
herein may be incorporated in an access point, a mobile
handset, a personal digital assistant (PDA) or other type of
wireless devices with processing logic and elements to per-
form the techmques provided herein.
What is claimed 1s:
1. A method for wireless communications, comprising:
communicating with a plurality of wireless apparatuses
concurrently via a plurality of frequency channels;

determining at least a first set of the plurality of frequency
channels on which to transmit a message containing
information regarding traific loading and available
bandwidth of one or more of the plurality of frequency
channels, wherein the determination 1s based at least on
switching speed to access a medium through a second
set of the plurality of frequency channels;

transmitting the message on the determined first set of the

plurality of frequency channels;

receiving, from a first one or more of the wireless appara-

tuses, based at least 1n part on the message, a request to
switch from the first set of the plurality of frequency
channels to the second set of the plurality of frequency
channels; and
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recerving data from the first wireless apparatus via the
second set of the plurality of frequency channels.

2. The method of claim 1, wherein the message containing,
information regarding tratfic loading 1s transmitted on mul-
tiple frequency channels.

3. The method of claim 1, further comprising:

deciding on which channel to transmit the message based
further on traffic for one or more of the wireless appa-
ratuses.

4. The method of claim 1, further comprising:

deciding on which channel to transmit the message based
further on load on one or more of the plurality of fre-
quency channels.

5. A method for wireless communications, comprising:

communicating with an apparatus via a first set of a plu-
rality of frequency channels;

recerving, from the apparatus on the first set of the plurality
of frequency channels, a message containing informa-
tion regarding traflic loading and available bandwidth of
one or more of the plurality of frequency channels;

determining to switch to a second set of the plurality of
frequency channels based on an estimated medium
access time involved 1n switching to the second set of the
plurality of frequency channels and a Network Alloca-
tion Vector (NAV) expiration time for the first set of the
plurality of frequency channels;

transmitting, to the apparatus, based on the message and
the determination, a request to switch from the first set of
the plurality of frequency channels to the second set of
the plurality of frequency channels; and

transmitting data via the second set of the plurality of
frequency channels.

6. An apparatus for wireless commumnications configured to
communicate with a plurality of wireless apparatuses concur-
rently via a plurality of frequency channels, the apparatus
comprising;

a circuit configured to determine at least a first set of the
plurality of frequency channels on which to transmit a
message containing information regarding tratfic load-
ing and available bandwidth of one or more of the plu-
rality of frequency channels, wherein the determination
1s based at least on switching speed to access a medium
through a second set of the plurality of frequency chan-
nels:

a transmitter configured to transmit the message on the
determined first set of the plurality of frequency chan-
nels; and

a recerver configured to:
receive, Irom a first one or more of the wireless appara-

tuses, based at least 1n part on the message, a request
to switch from the first set of the plurality of frequency
channels to the second set of the plurality of frequency
channels; and
receive data from the first wireless apparatus via the
second set of the plurality of frequency channels.

7. The apparatus of claim 6, wherein the message contain-
ing information regarding traific loading 1s transmitted on
multiple frequency channels.

8. The apparatus of claim 6, further comprising:

a circuit configured to decide on which channel to transmit
the message based further on traific for one or more of
the wireless apparatuses.

9. The apparatus of claim 6, further comprising:

a circuit configured to decide on which channel to transmit
the message based further on load on one or more of the
plurality of frequency channels.
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10. An apparatus for wireless communications configured
to communicate with another apparatus via a first set of a
plurality of frequency channels, the apparatus comprising;:
a receiver configured to recerve, from the other apparatus
on the first set of the plurality of frequency channels, a
message containing information regarding traflic load-
ing and available bandwidth of one or more of the plu-
rality of frequency channels;
a circuit configured to determine to switch to a second set
of the plurality of frequency channels based on an esti-
mated medium access time mvolved 1n switching to the
second set of the plurality of frequency channels and a
Network Allocation Vector (NAV) expiration time for
the first set of the plurality of frequency channels; and
a transmitter configured to:
transmit, to the other apparatus, based on the message
and the determination, a request to switch from the
first set of the plurality of frequency channels to the
second set of the plurality of frequency channels; and

transmit data via the second set of the plurality of fre-
quency channels.

11. An apparatus for wireless communications, compris-
ng:

means for communicating with a plurality of wireless
apparatuses concurrently via a plurality of frequency
channels:

means for determining at least a first set of the plurality of
frequency channels on which to transmit a message con-
taining information regarding tratfic loading and avail-
able bandwidth of one or more of the plurality of fre-
quency channels, wherein the determination 1s based at
least on switching speed to access a medium through a
second set of the plurality of frequency channels;

means for transmitting the message on the determined first
set of the plurality of frequency channels; and

means for recerving configured to:
receive, from a first one or more of the wireless appara-

tuses, based at least 1n part on the message, a request
to switch from the first set of the plurality of frequency
channels to the second set of the plurality of frequency
channels; and
receive data from the first wireless apparatus via the
second set of the plurality of frequency channels.

12. The apparatus of claim 11, wherein the message con-
taining information regarding tratfic loading 1s transmitted on
multiple frequency channels.

13. The apparatus of claim 11, further comprising:

means for deciding on which channel to transmit the mes-
sage based further on traflic for one or more of the
wireless apparatuses.

14. The apparatus of claim 11, further comprising:

means for deciding on which channel to transmit the mes-
sage based further on load on one or more of the plurality
of frequency channels.

15. An apparatus for wireless communications, compris-

ng:

means for communicating with another apparatus via a first
set of a plurality of frequency channels;

means for receving, from the other apparatus on the first
set of the plurality of frequency channels, a message
containing nformation regarding traific loading and
available bandwidth of one or more of the plurality of
frequency channels;

means for determining to switch to a second set of the
plurality of frequency channels based on an estimated
medium access time mvolved 1n switching to the second
set of the plurality of frequency channels and a Network
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Allocation Vector (NAV) expiration time for the first set
of the plurality of frequency channels; and
means for transmitting configured to:
transmit, to the other apparatus, based on the message
and the determination, a request to switch from the
first set of the plurality of frequency channels to the
second set of the plurality of frequency channels; and

transmit data via the second set of the plurality of fre-
quency channels.

16. A computer-program product for wireless communica-
tions, comprising a computer-readable device encoded with
instructions executable to:

communicate with a plurality of wireless apparatuses con-
currently via a plurality of frequency channels;

determine at least a first set of the plurality of frequency
channels on which to transmit a message containing
information regarding traffic loading and available
bandwidth of one or more of the plurality of frequency
channels, wherein the determination 1s based at least on
switching speed to access a medium through a second
set of the plurality of frequency channels;

transmit the message on the determined first set of the
plurality of frequency channels;

recerve, from a first one or more of the wireless appara-
tuses, based at least 1n part on the message, a request to
switch from the first set of the plurality of frequency
channels to the second set of the plurality of frequency
channels; and

recerve data from the first wireless apparatus via the second
set of the plurality of frequency channels.

17. A computer-program product for wireless communica-
tions, comprising a computer-readable device encoded with
instructions executable to:

communicate with an access point via a {irst set of a plu-
rality of frequency channels;

recerve, from the access point on the first set ol the plurality
of frequency channels, a message containing informa-
tion regarding traific loading and available bandwidth of
one or more of the plurality of frequency channels;

determine to switch to a second set of the plurality of
frequency channels based on an estimated medium
access time 1mnvolved 1n switching to the second set of the
plurality of frequency channels and a Network Alloca-
tion Vector (NAV) expiration time for the first set of the
plurality of frequency channels;

transmit, to the access point, based on the message and the
determination, a request to switch from the first set of the
plurality of frequency channels to the second set of the
plurality of frequency channels;

transmit data via the second set of the plurality of fre-
quency channels.

18. A wireless node configured to communicate with a
plurality of wireless apparatuses concurrently via a plurality
of frequency comprising;

at least one antenna;

a circuit configured to determine at least a first set of the
plurality of frequency channels on which to transmit a
message containing information regarding traific load-
ing and available bandwidth of one or more of the plu-
rality of frequency channels, wherein the determination
1s based at least on switching speed to access a medium
through a second set of the plurality of frequency chan-
nels:

a transmitter configured to transmit, via the at least one
antenna, the message on the determined first set of the
plurality of frequency channels; and

a recerver configured to:
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recetve via the at least one antenna, from a first one or
more of the wireless apparatuses, based at least in part

on the message, arequest to switch from the first set of
the plurality of frequency channels to the second set of
the plurality of frequency channels; and 5

recelve via the at least one antenna, data from the first
wireless apparatus, via the second set of the plurality
of frequency channels.

19. A wireless node configured to communicate with an
access point via a first set of a plurality of frequency channels, 10
comprising;

at least one antenna;

areceiver configured to recerve via the at least one antenna,
from the access point on the first set of the plurality of
frequency channels, a message containing information 15

regarding traific loading and available bandwidth of one

or more of the plurality of frequency channels;

a circuit configured to determine to switch to a second set

of the plurality of frequency channels based on an esti-

mated medium access time mvolved 1n switching to the 20

second set of the plurality of frequency channels and a

Network Allocation Vector (NAV) expiration time for

the first set of the plurality of frequency channels; and
a transmitter configured to:

transmuit via the at least one antenna, to the access point, 25

based on the message and the determination, a request
to switch from the first set of the plurality of frequency
channels to the second set of the plurality of frequency
channels; and
transmit via the at least one antenna, data via the second 30
set of the plurality of frequency channels.
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